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ABSTRACT
The purpose of this study was to investigate the 
effect of adult female, adult male, and child vocal 
modeling on the pitch-matching accuracy of children in 
grades one through six. Because singing is a basic 
component of the elementary music curriculum and is a 
skill which a child will continue to use throughout 
his/her life, it is important to determine how a child 
can most successfully develop and use his/her singing 
voice.
Existing literature indicates that those factors 
which most directly affect a child's singing ability 
are maturation, auditory discrimination, vocal range, 
and vocal modeling. Conflicting results exist as to 
the most effective model voice or pitch stimulus to be 
used in eliciting vocal accuracy in children.
Two-hundred eighty-two subjects were tested 
individually on three separate occasions, each time 
with a different vocal model. Model pitch stimulus and 
testing conditions were exactly the same on each 
testing occasion, the only difference being the model 
voice.
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Accuracy of the response was measured and 
evaluated and each subject was given a deviation score 
for his/her response to each model. Scores for all 
subjects were then subjected to comparisons involving 
all variable factors.
Results indicated that vocal modeling did have an 
effect on pitch-matching accuracy of the subjects.
There were more correct responses to the child model, 
followed by the female and male model, respectively. 
Incorrect responses were more often flat for the female 
and male models, and more often sharp for the child 
model. First-grade subjects and sixth-grade subjects 
sang the highest perecentages of incorrect responses 
for all three models. The highest percentage of flat 
responses was sung by first-grade subjects.
Sixth-grade subjects enrolled in band sang more 
correct responses than sixth-grade subjects enrolled in 
chorus. For the male model, band students sang more 
correct responses than chorus students.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 1
Traditionally, singing has been considered a major 
component in the elementary music curricula. Almost 
every elementary music teacher recognizes the value of 
singing as a natural and easily accessible means of 
self-expression to the child. Singing is a skill which 
a child will continue to use in a variety of settings 
throughout his/her entire life.
The fact that many children never learn to use 
their singing voices and therefore are never able to 
sing tunefully should be considered a major problem in 
the field of music education. Because singing is so 
basic to the total music education of the child, and 
because the voice is so closely associated with its 
owner, the elementary music teacher must consider 
carefully those factors related to the teaching of 
singing. Variables which are considered pertinent to 
early instruction in music Include task sequence, music 
stimulus, feedback, presentation mode, age at which 
training is begun, singing alone versus singing with 
accompaniment, and physical factors. This study will
1
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2examine one of these variables, presentation mode, and 
Its effect on children's singing ability.
Statement of the Problem 
Music educators rely primarily on their own voices 
to teach singing. Using his or her own voice as a 
model, the music teacher expects that the child will 
imitate the performance using aural and visual cues. 
Since the range, quality, and timbre of Individual 
voices differ, especially the adult male voice being 
approximately an octave lower than the adult female 
voice, It can be expected that these factors may 
contribute to the difficulty of some children In 
matching the pitch presented by the teacher.
In addressing the problem of vocal modeling and 
pitch-matching accuracy in children, other related 
factors should be considered. Modeling has long been 
thought to be an important and effective tool In the 
process of teaching and learning. In considering the 
effect of modeling on musical behavior, reinforcement 
as well as the quality of the performance may 
contribute to the accuracy of the Imitation by the 
student. This study will attempt to determine the 
effect of vocal modeling on pitch-matching accuracy 
apart from any external reinforcement.
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3It is also important to consider those factors 
which affect ability to match pitch apart from modeling 
characteristics. Pitch discrimination ability is 
believed to be prerequisite to the ability to reproduce 
pitches accurately as presented by a model. Also to be 
considered is the range of the child's voice. Children 
are more likely to sing accurately if the pitch 
presented by the model is within a comfortable range in 
accordance with the child's age and level of 
development.
The purpose of this study will be to attempt to 
determine the effect of adult female, adult male, and 
child vocal models on the pitch-matching accuracy of 
children in grades one through six. The primary null 
hypothesis to be tested in this study is that there 
will be no significant difference among adult female, 
adult male, and child vocal models in the 
pitch-matching accuracy of children, based on modeling 
behavior apart from any feedback or reinforcement.
Need for the Study 
Singing should be considered as one of many 
activities which lead to a well-rounded and complete 
elementary music curriculum. Although no single aspect 
of the elementary music program can in Isolation lead
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to a basic knowledge and understanding of musical 
concepts, singing can be considered to be the core of 
the elementary music program and the foundation on 
which a firm and successful music education is built.
Singing is a skill which a child can begin to 
acquire during the nursery school years and can 
continue to develop and use throughout his or her life. 
A child can learn very early that the singing voice Is 
always available for use in his/her own way. Once a 
child has discovered his/her singing voice and 
appreciates the uniqueness of its quality, s/he can 
begin to develop positive attitudes toward singing 
which will lead to successful singing experiences.
The need for children to have successful and 
positive early singing experiences places a great deal 
of Importance on the teaching of singing to young 
children. Elementary music teachers need to be aware 
of the developmental process Involved In learning to 
sing as well as those factors which present problems 
for children in learning to sing. The question of the 
effectiveness of a particular type of voice as vocal 
model in teaching children to sing is one which 
presents itself daily to the elementary music teacher. 
Since pitch matching is basic to the singing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
experience, the relationship of variables affecting 
pitch-matching ability in children Is a significant 
Issue which needs further study and Investigation.
With an understanding of the problems Involved as well 
as possible solutions, those music educators 
responsible for teaching children to sing will be able 
to provide more effective instruction.
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CHAPTER II
REVIEW OF RELATED LITERATURE 
The singing voice is a personal and expressive 
instrument which belongs uniquely to each child. It is 
always present to the child and will be his/her primary 
musical instrument throughout his/her life. The voice 
needs to be nurtured and developed beginning with the 
preschool years and continuing throughout the musical 
education of the child.
Singing is a learned behavior which, like other 
skills, both musical and non-musical, follows a 
developmental process based on the age and maturation 
of the learner. Maturation has been defined as the 
interaction of developmental factors within the 
organism (Zimmerman, 1971). These factors include 
inherited capacities, environmental circumstances, and 
the learning process itself. There is little evidence 
that training in specific skills has much effect until 
the child reaches a level of maturity at which s/he can 
assimilate such training.
6
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7In a series of studies Investigating the effect of 
maturation on the learning process, Gesell and Ilg 
<1949) concluded that learning is greatly conditioned 
by maturation. Although training cannot supersede 
maturation, maturity does tend to enhance the result of 
training. Therefore, Instruction may be completely 
ineffective before a certain level of maturity is 
reached in relationship to the specific skill being 
developed. Conversely, when a child reaches a stage of 
maturation where s/he can best profit from a certain 
kind of learning, the withholding of instruction may 
cause the skill or behavior to remain undeveloped.
Other studies involving child development and the 
learning of musical skills support the findings of 
Gesell and Ilg. Results of a study of children's 
singing ability involving 407 children, ages two to 
ten, showed that children achieve the ability to sing a 
wide range of tones at a relatively early age (Jersild 
& Bienstock, 1934). This range was shown to gradually 
develop and increase from five notes at age two to 
thirteen notes at age ten. Updgraff, Heillger, and 
Learned <1938) found that the ability to reproduce a 
melody develops gradually without instuction, but that 
acceleration of this ability is possible with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
instruction. The results of a longitudinal study 
involving three- and f ouc-yee.r-ol ds suggest that stages 
occur in the vocal development of children of this age 
group (Smith, 1963). Smith also suggests that group 
vocal training is appropriate for young children and 
results in a significant Improvement in accurate 
singing abi1ity.
It is also believed that maturation plays a 
significant role in the accurate reproduction of 
intervals, regardless of training. Research findings 
Indicate that no significant difference in vocal 
accuracy exists between children who have experienced 
vocal ski 11-centered training at the preschool level 
and those who have not. However, results indicate that 
pretraining may accelerate the normal development of 
vocal accuracy, but will not noticeably affect it in 
any other way (Drexler, 1938; Williams, Slevers, & 
Hattwick, 1932). Petzold (1966) suggests that singing 
ability is a direct function of age and that a 
significant improvement in singing accuracy occurs 
between the first and second grades. The gradual 
improvement with age for both experimental and control 
groups in these studies provides additional evidence 
that both cumulative musical instruction and maturation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9are important factors in the development of vocal 
accuracy.
Conflicting results have been found in a study 
investigating the effect of training on the vocal 
ability of three-year-old children (Jerslld 8<
Bienstock, 1931). The results of this study, involving 
forty-eight children ranging in age from thirty-one 
months to forty-eight months, suggest that training 
caused a marked improvement in the vocal performance of 
the children.
A research study by A. Oren Gould <1969) involving 
a comprehensive study of Instructional singing programs 
for young children, concluded that for elementary 
school children, learning to sing is a matter of 
learning how it feels to sing. Two basic principles of 
learning to sing were established by this project:
<a> the child must listen to his/her own voice in 
speaking and in singing so that s/he can control high 
and low pitch levels; <b) the child must be able to 
sing in unison either with another voice or with an 
instrument so that s/he learns the sound and feeling of 
his/her own voice as it matches pitches.
Thus, it can be concluded that maturation is a 
significant factor affecting vocal accuracy in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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children. It Is also believed that training can have 
an effect on the process of maturation and Its effect 
on vocal ability. While training cannot replace the 
process of maturation, It Is believed that the 
developmental processes Involved In singing ability 
can be greatly enhanced by training.
Mode 11ng
Learning by example has always been a primary way 
of changing human behavior. There are several reasons 
why modeling influences are heavily favored In 
promoting everyday learning. Where desired forms of 
behavior can be conveyed only by social cues, modeling 
Is an Indispensable tool In the learning process 
(Bandura, 1974). Some very complex behaviors can be 
reproduced only through the Influence of models. If 
children had no opportunity to hear musical sounds In 
relationship to a skill being developed, it would be 
virtually Impossible to teach those skills necessary 
for musical performance.
Two Important elements which must be considered In 
the process of modeling are reinforcement and the 
actual performance cue given to the student. The 
Importance of reinforcement was Investigated by Greer, 
Randall, and Tlmberlake (1971). Their subjects were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100 sixth-grade students split into five groups, three 
of which were discriminated rewarded with music 
listening. Results indicated a significant difference 
in vocal accuracy and attending behavior among those 
groups rewarded and those not. Results of a study 
investigating the conditioning of a pitch response by 
using reinforcement in uncertain singers indicated that 
correct pitch responses were obtained from children 
previously unable to match pitch after a treatment 
period of reinforcement and shaping procedures (Dennis, 
1975). Madsen, Wolfe, and Madsen (1969) tested the 
ability of sixth-grade children to sing accurately 
ascending and descending scales both with and without 
reinforcement. No significant difference was found 
between the reinforcement groups and the 
nonreinforcement groups, except in the two groups which 
practiced singing songs. The two groups which received 
song practice rather than scalar practice showed the 
greatest difference compared to all treatment groups. 
Furthermore, the song-practice group which was 
reinforced showed the greatest improvement. This 
finding suggests that singing songs seems to improve 
intonation of scales if performances are rewarded.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Even though reinforcement is thought to be an 
integral part of the modeling process, it is believed 
that learning from models can occur with or without 
reinforcement (Bandura, 1974). A study in which 
findings support the theory that learning from models 
can occur without reinforcement has been conducted 
examining the relative effectiveness of four modeling 
conditions on instrumentalists'' musical performance 
(Rosenthal, 1984). Four treatment conditions were 
used: (a) guided model, a combined verbal and aural
example of a complex musical selection; (b> model only, 
an aural model only; (c> guide only, a verbal 
explanation only; and (d) practice only. Forty-four 
college music education students participated in the 
study. Results showed that subjects in the model only 
group achieved significantly higher performance scores 
than all other groups. Subjects in the guided model 
group scored significantly higher than subjects in the 
guide only and practice only groups.
In a similar study, the effect of tape-recorded 
aural models used in at-home practice sessions on 
performance and sight-reacing skills of sixth-grade 
students was studied. Findings indicated that in this 
study, the use of tape-recorded aural models in at-home
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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practice sessions did not significantly improve 
performance and sight-reading skills of these 
sixth-grade subjects (Anderson, 1980).
Modeling has also been shown to affect children's 
preferences for appropriate and inappropriate 
renditions of a musical performance (Baker, 1978).
Third- and fourth-grade students were randomly assigned 
to one of two in-class performance model treatment 
groups: Class A, which sang songs appropriately with
regard to style and tempo; and Class B, which sang the 
same songs inappropriately. Results showed that 
students' preference for songs was affected by the 
in-class performance model.
Therefore, it can be concluded that modeling is an 
effective educational tool, especially in teaching 
those skills and concepts basic to music education. It 
is also believed that learning from models can occur 
with or without reinforcement, although reinforcement 
has been shown to be an effective factor in modeling 
studies.
Auditory Perception 
Early in the musical development of the young 
child, educators recognize the need to develop pitch 
concepts such as register and melodic direction. These
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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two concepts become the foundation upon which the 
development of vocal accuracy is built (Garretson,
1976; Gould, 1969; Nye 8. Nye, 1985; Swanson, 1981).
The seemingly simple task of reproducing vocally what 
is first demonstrated by a model becomes a multifaceted 
process of hearing, remembering, and reproducing, thus 
involving training in pitch perception and tonal 
memory (Swanson, 1981).
Although there is no general agreement as to its 
exact nature, research findings support the fact that 
there is a relationship between auditory perception and 
vocal accuracy (Bentley, 1969; Carlsen, 1969; Gould, 
1969; Zwissler, 1971). If melodic perception is in 
fact essential in developing vocal accuracy, then 
instruction in melodic contour may be an Important part 
of vocal training.
A study Involving kindergarten, second-, and 
fourth-grade children investigated the effects of age 
and training on pltch-discrimination abilities 
(Fullard, 1975). Vocal transfer was used as one means 
of assessing pitch-discrimination ability. Subjects 
were asked to reproduce vocally a sound produced 
electronically. Results showed that vocal accuracy was 
not a result of prior training in this particular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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situation, and that accuracy scores Increased 
significantly from age five to age ten. This supports 
the theory of maturation as an Important factor In 
pitch-discrlminatlon ability and thus In vocal control 
and pitch-matching accuracy.
Apfelstadt (1983) investigated the effects of 
melodic perception instruction on the auditory 
discrimination of pitch and on the vocal accuracy of 
kindergarten children. Sixty-one subjects were 
assigned to three different instructional settings for 
eleven weeks. Group 1 had vocal Instruction designed 
to promote melodic perception through visual and 
kinesthetic reinforcement. Group 2 had vocal 
Instruction consistlng prlmarily of Imitation alone. 
The control group had a traditional, nonconceptual 
approach. Results showed that there was no difference 
among groups in auditory discrimination of pitch 
following Instruction. Results also showed that there 
were significant differences In vocal accuracy on 
patterns between the two experimental groups and the 
control group, but no difference between the two 
experimental groups.
In a study involving sixth-grade students it was 
found that ln-tune singing ability was significantly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reiated to pitch discrimination ability and tonal 
memory (Smith, 1973). There was a high, positive 
correlation between scores on the Pitch and Tonal 
Memory tests of the Seashore Measures of Musical 
Talents and the vocal accuracy of the subjects.
Similar results were found In a study Involving 
first-grade students (Zwissler, 1971). A test of vocal 
accuracy was given to the subjects to Identify each 
student as an "accurate singer" or an "inaccurate 
singer." Fifty subjects comprised each group, one of 
"accurate singers," and one of "inaccurate singers." A 
test to determine pitch discrimination skills was given 
individually to each subject. Results indicated that 
there was a significant difference in the pitch 
discrimination skills of first-grade children 
identified as "accurate singers," and those identified 
as "inaccurate singers."
Contrasting results were found in a study 
Involving instruction in pitch discrimination and its 
effect on pitch-matching behaviors of uncertain singers 
(Porter, 1977). No evidence was found to indicate that 
faulty singing is the result of inaccurate pitch 
perception. It was found, however, that instruction in 
pitch discrimination did improve performance on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
instrumental pitch-matching tasks for the same 
subjects, indicating that vocal pitch-matching 
inaccuracy may be a result of Inadequate vocal control 
rather than pitch perception deficiency.
Findings of a study involving two groups of 
sixth-grade subjects indicated moderate correlations 
between pitch discrimination and vocal pitch 
production, based on a rating system of pitch accuracy, 
although the strength of the correlation was somewhat 
different for the two groups of subjects (Pedersen & 
Pederson, 1970). To further test this relationship, 
Geringer (1982) conducted a study investigating the 
relationship of pitch-matching and pitch-dlscrimination 
abilities of preschool and fourth-grade students. 
One-hundred forty-four students were selected randomly 
and tested individually on both ability measures. 
Subjects were assigned to one of three ability level 
groups within each age group according to their scores 
on the pitch-discrimination test. Results indicated a 
significant difference in pitch-matching ability 
between the age groups, but a non-significant 
difference among the ability groups within each age 
group, suggesting again that vocal accuracy may be a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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result of maturation and vocal control rather than only 
the ability to discriminate pitches.
A study of auditory perception of musical sounds 
by children in grades one through six was conducted by 
Robert Petzold In 1966. Although the relationship 
between auditory perception and pitch-matching accuracy 
was not studied, findings did suggest that 
pltch-dlscrlminatlon ability does improve with 
training, with the most significant changes occurring 
between grades one and two. It was also found that a 
Plateau in development was reached at grade three, with 
little improvement occurring in subsequent grades.
In other studies involving auditory 
discrimination, pertinent results have been found 
concerning the relationship between age and 
discrimination of a frequency change (Madsen, Edmonson, 
& Madsen, 1969), and the effect of scale direction on 
pitch accuracy in vocal performance (Madsen, 1966). 
Madsen, Edmonson, and Madsen (1969), conducted an 
experiment in which subjects were asked to listen to a 
pitch, and decide whether the pitch gradually went 
higher, gradually went lower, or stayed the same. 
Results indicated that younger subjects perceived tonal 
stimuli "incorrectly and sharp," while older subjects
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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evidenced "better discrimination while demonstrating a 
proclivity toward flatness." These results support the 
theory that auditory perception is at least partly a 
result of maturation. In a study involving the effect 
of scale direction on vocal pitch accuracy, it was 
found that there was a highly significant difference 
between the intonation of unaccompanied solo vocal 
performance with reference to scale direction (Madsen, 
1966). Vocal pitch accuracy was highly superior when 
subjects descended rather than ascended the same scale. 
This was true for younger as well as older subjects. 
Contrasting results were indicated in a similar study 
in which it was found that descending scale 
performances were not significantly better than 
ascending scale performances (Madsen, Wolfe, 8. Madsen, 
1969)
Thus, from the foregoing literature it can be 
concluded that there is a relationship between 
pitch-discrimination ability and vocal accuracy in 
children. It is believed that maturation is a factor 
in pitch-discrimination ability. Although 
contradicting results exist, it is suggested that 
training in pitch-discrimination ability is effective
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In isolated situations and can contribute to the 
development of vocal accuracy in children.
Vocal Range
The identification of the correct range of the 
child voice has long been a subject of concern for 
music educators. It would be virtually impossible to 
develop and foster accurate singing in children without 
knowledge of the correct vocal range. Generally 
accepted research includes the facts that the natural 
range of a child's voice is small but will expand up 
and down with the passage of time, and that range 
expansion can be hastened by training (Rosborough, 
Ironcoso, & Piper, 1972).
Early research (Hattwick, 1933; Jersild 8. 
Bienstock, 1934) in the area of vocal range has 
produced findings which support these generally 
accepted beliefs. Hattwlck Investigated the pitch 
level and pitch range in the singing voices of 
preschool, first-grade, and second-grade children. He 
found that the mean pitch level used by preschool, 
first-grade, and second-grade children, when singing 
voluntarily at any pitch level they wished, was 
significantly lower than the pitch level for these same 
songs as they were printed in songbooks for these ages.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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He also found that after several group practices on the 
same song, the mean pitch level for the preschool 
children was significantly lower than that presented by 
the teacher during the practice period. In summary, 
the results of this study implied that children 
actually sang significantly lower with known and 
unknown amounts of practice than they were taught to 
sing according to the written songs.
In relationship to vocal range, Jerslld &
Bienstock <1934) studied the capabilities of children 
at different age levels, how much improvement one might 
expect to accomplish through training, and what methods 
of training were most profitable. Findings concluded 
that as early as the age of four years, individual 
children may be able to reproduce as many tones as the 
average adult, although the child at this age may not 
be as capable as the adult In singing tones in series 
or in utilizing them in songs. In support of the 
findings of Hattwick <1933>, Jerslld and Bienstock 
found that young children were able to sing tones lower 
in pitch than the tones suggested as appropriate in 
manuals and textbooks containing songs for children.
It was found that training did have an effect on the 
number of tones that children could reproduce, however
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whether or not children actually used this expanded 
range In voluntary singing was not studied. The 
conclusions of this study Indicated that vocal range is 
a developmental phenomenon affected by maturation and 
that instruction can increase and improve the vocal 
range of young children.
In support of the above findings, recent 
researchers have also suggested that children sing more 
accurately in a lower range than has been Implied by 
textbook models and corresponding recordings (Nye 8,
Nye, 1985). In a study involving thirty-two 
teacher-assessed "monotones" from a boy's grammar 
school, subjects were asked to sing the British 
National Anthem at Its usual pitch (tonic G above 
middle C) and then by steps down to the key an octave 
below (Joyner, 1969). Results showed that half of the 
subjects were affected by the transposition, in that 
these children were all inaccurate at the usual pitch 
but sang in tune at lower pitches. Similarly, it has 
been suggested by Smith (1973) that the pitch range in 
which sixth-grade children were asked to sing did 
affect their ln-tuneness. The children in this study 
sang more in tune in the lower pitch range.
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Contradicting results were found in a study 
Involving four- and five-year-old subjects CKostka,
1984). Five subjects considered to be "unpitched 
singers," based on the results of a vocal accuracy 
pretest, were given remedial treatment in singing 
instruction. Ranges for the remediation were 
consistently lower than ranges of songs as written in 
kindergarten and first-grade song books. Post test 
results indicated that singing accuracy appeared to be 
unrelated to key or range of songs.
A study exploring the correct range for the child 
voice tested 1,216 subjects in various locations 
<C)eall, 1970). The subjects ranged from four-year-old 
pre-school children to adults of sixty-six years. This 
research Indicates that the range of a person's voice 
develops outwards during his or her lifetime, beginning 
with a rather narrow range of about an octave and then 
getting both higher and deeper to a much wider adult 
range, supporting the theory that maturation is a 
factor in the development of vocal ability.
Although the majority of the existing literature 
suggests narrow, low ranges as being best for 
developing accurate singing ability in young children, 
there is evidence of contradiction. Wassum <1979)
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found that In a study where subjects sang structured, 
scale-like passages as well as unstructured melodies, 
children exhibited several vocal registers and made 
smooth connections among them. Other researchers 
(Garretson, 1976; Gould 8. Savage, 1972) have suggested 
that the development of the head register in young 
children may play an Important role in the development 
of the upper range of the child's singing voice.
Based on the foregoing literature, it can be 
concluded that a child's comfortable singing range 
expands and increases as a result of maturation. It is 
also believed by some researchers that the majority of 
children's songs found in textbooks are written in a 
range which is higher than the comfortable range for 
younger children. There is evidence which suggests 
that children sing more accurately if the pitches 
presented are in their comfortable singing range.
Vocal Modeling
In comparison to the other factors involved in the 
teaching of singing to young children, the amount of 
research in the area of vocal modeling is relatively 
small. In addition to the traditional adult female 
music teacher, young children are Increasingly being 
exposed to a variety of vocal models in the elementary
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music classroom. In addition to the classroom, 
children are being exposed to numerous models of 
singing on television, radio, and recordings. The 
effect of this vocal modeling on singing ability both 
in the classroom and in other areas of the student's 
environment is a question which needs further study and 
investigation.
While lacking the basis of substantive research, 
generalizations have been made concerning vocal 
modeling. Gould <1968) states that before being asked 
to reproduce a pattern, the student should "hear the 
pattern sung with a treble voice <or played on the 
piano if the teacher is a man) by the teacher or other 
pupils." Greenberg <1979) recommends that men sing in 
a "light, tenor voice" with children and Greenberg and 
MacGregor <1972) suggest that "male teachers, whose 
voices are an octave lower than those of the students, 
can reinforce their own voices with instruments so that 
students can match their voices with another tone of 
the same pitch."
Nye and Nye <1985) state that occasionally a child 
may be confused in trying to match the octave-lower 
voice of the male model. In this case, Nye and Nye 
recommend that a male teacher should explain that he
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"cannot sing as high as the children and should play 
the song on an instrument that gives proper pitch, sing 
falsetto, or have another child sing the song." Smith, 
(1963) suggests that the use of a baritone singing 
voice in his study and the resulting octave 
transposition may have presented a problem in his 
investigation of the effect of group vocal training on 
the singing ability of nursery school children.
Also to be considered is the timbre difference 
among male and female voices. It has been suggested 
(Roe, 1983) that some children may be more Inclined to 
attempt to reproduce the timbre of the model voice, 
rather than the pitch, which would affect the resulting 
pitch accuracy of the child. The results of 
Hermanson's <1971) study on the effect of timbre on 
vocal pitch acuity of kindergarten and third-grade 
children showed significant differences among responses 
to oscillator, woman's voice, piano, and 8-year-old 
girl's voice. Subjects were asked to sing 
simultaneously with different pre-recorded pitch 
timbres. Simultaneous pitch acuity was best when the 
subjects sang with the woman's voice and worst when the 
subject's sang with the piano. Results also showed 
that subjects did not sing significantly better with
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another chilcTs voice than with other timbres.
Petzold's research <1966 & 1969) involved similar 
investigation, indicating that children sang patterns 
played on the violin more accurately than patterns 
played on the flute or piano. Also, responses to a 
female voice were more accurate than responses to 
patterns played on the flute.
The question of timbre as a complicating factor in 
pitch-matching accuracy was also investigated in an 
experiment which dealt with the question of which 
presentation mode was easiest for the child to vocally 
reproduce (Clegg, 1966). Clegg's study involved 796 
first-, second-, and third-grade children. There were 
eight modes of presentation: piano, female voice,
recorder, song bells, pitch pipe, autoharp, male voice, 
and flutophone. The results of this study showed that 
the female voice was the easiest for the child to match 
followed by the piano, autoharp, and pitch pipe. The 
male voice, recorder, flutophone, and song bells were 
more difficult for the subjects to match.
The results of a recent study involving five- and 
six-year-old children support the idea that 
pitch-matching ability in young children may be 
complicated by octave transfer necessitated by male
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vocal modeling (Sims, Moore, & Kuhn, 1982). Children 
from England and the United States were tested on vocal
accuracy as a result of male and female modeling, tonal
pattern length, and age. Results Indicated that there 
were significantly more correct responses to the female 
model than to the male model. Also, of the
approximately 48% of pitches which were sung
incorrectly, 64% were one or more half steps flat, 23% 
were one or more half steps sharp, and 13% were 
omitted. The method of measuring pitch-matching 
accuracy of the responses and direction of deviation of 
Incorrect responses in this study was not indicated.
In contrast with the findings previously 
mentioned, results of a study involving first-grade 
children showed that male vocal modeling did not 
necessarily present a unique pitch-matching problem to 
children of this age group (Small & McCachern, 1983). 
Students were pretested with female and male models, 
then assigned to three treatment groups- One group 
practiced with a female model, one with a male model, 
and one group served as the control group with no 
practice. After several practice periods, all subjects 
were tested again using both models. Results indicated 
that, prior to practice, subjects who could match pitch
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with one model could generally match pitch with the 
other. Practice with vocal models did not produce 
significant differences in accuracy between practice 
groups and control group. In this study, the two 
researchers listened to the recorded responses of the 
subjects and determined the accuracy of the response by 
ear. Intonation within a given pitch and direction of 
deviation of an incorrect response was not Judged.
The foregoing literature concerning vocal modeling 
presents many questions for consideration. Evidence 
exists which indicates that male vocal modeling does 
present a problem for young children in attempting to 
match a pitch presented by the male voice. It is also 
believed that different timbres in different model 
voices and instruments produce confounding problems in 
pitch-matching accuracy in children. It is also 
apparent in the foregoing studies that the method of 
measuring accurately a child's sung response is a 
problem in determining absolute accuracy of a pitch 
response.
Summary
The literature emphasized the importance and value 
of several factors in the process of teaching children 
to find and use the singing voice and to sing
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accurately. Modeling has become a valuable educational 
tool, both in music and non-music classrooms. The 
added factor of reinforcement and conditioning in the 
learning process is suggested as a major factor in the 
modifying of musical behavior in children.
Extensive research has led to the conclusion that 
a child's vocal range is very narrow at the beginning 
of his/her musical experience, and that as a child 
grows and develops physically, the range of his/her 
voice expands until s/he reaches adulthood.
Conflicting evidence exists as to the suitable pitch 
range for a child's voice at certain stages of 
development.
Much research has been done in the area of 
auditory discrimination and its effect on vocal ability 
in children. While the majority of the findings 
indicate that auditory discrimination is affected by 
maturation and musical training, conflicting results 
exist as to the effect of auditory discrimination on 
vocal accuracy.
The research on vocal modeling has produced 
conflicting results as to the effect of male/female 
vocal stimulus on pitch-matching accuracy in children. 
These conflicting results, as well as the added
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implications of the age of the subjects and the 
analysis of incorrect responses provided the impetus 
for this study. Therefore, the purpose of this study 
was to determine the effect of male, female, and child 
vocal modeling on the pitch-matching accuracy of 
children in grades one through six, and to examine and 
analyze the incorrect responses to each of the three 
model s.




Subjects for this study were 282 students enrolled 
in grades one through six at the University Laboratory 
School, Louisiana State University, Baton Rouge, 
Louisiana, during the 1986-1987 school year. This 
number includes the entire population of grades one 
through six with the exception of two students who were 
not present at the time of the study. Students 
accepted for enrollment at the University Laboratory 
School are selected from pre-defined groups based on 
educational and demographic data, in order to assure a 
varied student population. The numbers of boys and 
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Selection of Vocal Stimulus 
Audio tapes utilizing three different model 
voices, adult female soprano, adult male tenor, and a 
9-year-old child's unchanged voice were prepared for 
use in the study.1 The descending minor third was 
chosen as the stimulus interval because of its 
inclusion in the Kodaly curriculum as the interval most 
easily sung by young children (Daniel, 1978). Pitches 
comprising the Interval were g and e above middle c, 
based on their inclusion in the comfortable singing 
range of preschool and first-grade children (Nye & Nye,
1985). Model stimuli were sung on the neutral syllable 
"la" to decrease changes in vocal timbre (Roe, 1983). 
The descending minor third interval was sung and 
recorded by each of the three model voices at a tempo 
of 60 beats per minute, with each pitch receiving one 
beat. Stimulus recordings were made using a Sony 
stereo cassette-corder, Model No. TC-D5. All 
recordings made throughout the study were l ecorded on 
Maxell XLII-S audio tape, (see Appendix A)
xThe model stimuli were sung by: Martina Arroya,
Soprano, Metropolitan Opera Company, Professor of 
Music, Louisiana State University; Robert Grayson, 
Tenor, New York City Opera Company, Associate Professor 
of Music, Louisiana State University; and a 
fourth-grade male student at the University Laboratory 
School, Louisiana State University.
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Experimental Design 
Each subject in the study was tested individually 
for pitch-matching accuracy on three separate 
occasions, each time responding to a different vocal 
model. The Interval and pitches sung were Identical 
for each of the three tests, the only difference being 
the model voice. The order of the tests was identical 
for all subjects, that being female model, male model, 
and child model. The three tests were given at 
seven-day Intervals, to correct for the confounding 
variable of tonal memory. When each subject entered 
the testing room, s/he was told to stand behind the 
microphone and was given the following directions:
"You will hear two notes sung on the words 'la - la.' 
Sing the same two notes, exactly as you hear them on 
the tape." Each subject was given only one chance to 
respond to the model voice. All subject responses were 
recorded on a Sony stereo cassette-corder, Model No. 
TC-D5. Headphones were not used for playing of the 
stimulus voice so as not to Interfere with the 
subject's ability to hear his/her own voice. Each of 
the 282 subjects was assigned a number for use 
throughout the study which was used to identify each 
subject's response on tape for each of the three tests.
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Measurement Procedures 
At the conclusion of the three tests, all audio 
tapes containing subjects7 responses to each of the 
three models were heard and evaluated by the 
researcher. The Korg Auto Chromatic Tuner, Model No. 
AT-12 was used to evaluate the accuracy of each taped 
response. Each individual pitch of the interval was 
evaluated, resulting in six pitches per subject, two 
for each model. Deviation from the model pitch 
stimulus was measured in increments of 100 cents, 
either sharp or flat. A pitch response was considered 
accurate if the deviation from the model pitch was less 
than 100 cents. The two pitches for each model were 
then averaged into one deviation score, resulting in 
three data points per subject, one for each model. (See 
Appendix B> Each data point represented either a 
correct, flat, or sharp response to each model for each 
subject.
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Reliability
Reliability checks by trained evaluators were made 
on 40% of the total responses. Inter-Judge reliability 
(agreement) was computed using the following formula:
Number of Agreements 
Number of agreements plus disagreements 
On 40% of the total responses, inter-Judge reliability 
equaled .93.
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CHAPTER IV
RESULTS
The purpose of this study was to determine the 
effect of adult female, adult male, and child vocal 
models on the pitch-matching accuracy of children in 
grades one through six. At the completion of the 
study, audio tape recordings had been made of each 
subject's sung response to each of the three models.
The number of children singing sharp, flat, and 
correct responses to each of the three models was 
counted (see Table 1). Responses were considered 
incorrect if they deviated 100 cents or more from the 
model pitch stimulus. The results were analyzed using 
the Chi Square and Cochran Q statistic. All possible 
combinations of model, child's gender, grade level, 
direction of deviation, and current music class 
enrollment (instrumental or choral) were compared.
Total Responses 
Data demonstrated that the three different vocal 
models, adult female, adult male, and child, did have a 
significant effect on whether subjects' responses were
37
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FREQUENCIES OF CORRECT AND INCORRECT RESPONSES TO EACH
MODEL BY GRADE AND GENDER (N = 282 Ss>
MODEL GRADE BOYS GIRLS
- 0 + — 0 +
1 14 13 0 16 10 3
2 7 17 2 5 19 2
Fema1e 3 8 16 2 6 22 1
4 1 12 2 2 11 2
5 2 12 0 0 15 1
6 7 20 4 5 20 3
total 39 90 10 34 97 12
1 18 7 2 14 15 0
2 11 15 0 9 17 0
Male 3 13 13 0 6 21 2
4 6 8 1 3 10 2
5 8 5 1 3 13 0
6 11 15 5 14 10 4
total 67 63 9 49 86 8
1 10 14 3 4 20 5
2 1 19 6 4 19 3
3 5 14 7 0 17 12
4 1 10 4 1 11 3
5 3 8 3 1 13 2
6 2 23 6 1 21 6
total 22 88 29 11 101 31
0 correct
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
correct or Incorrect. There were more correct 
responses to the child and female models, respectively, 
and fewer correct responses to the male model (GM21.38, 
df=2, p<.05, N=282>. Further analysis Indicated that 
there were more correct responses to the female model 
than incorrect, and more flat responses than sharp 
<x 2=152.84, df=2, p<.G5, N=282>. The same findings 
were indicated for the male model, with more correct 
responses than incorrect and more flat responses than 
sharp <x2=100.84, df=2, p<.05, N=282>. However, while 
there were more correct responses to the child model 
than incorrect, there were more sharp responses to the 
child model than flat <x2=147.9, df=2, p<.05, N=282>.
Data indicated that for the female model, both 
boys and girls sang more correct responses than 
incorrect, and more flat responses than sharp 
<x 2=70.81, df=2, P<.05, N=139, boys; x2=81.67, df=2, 
p<.05, N=143, girls). For tie male model, boys sang 
more f 1 at responses than correct or sharp responses 
(x 2=45.3, df=2, p<.05, N=139>; while girls sang more 
correct than flat responses and more flat than sharp 
responses for the same model <x2=63.87, df=2, p<.05, 
N=143). For the child model, boys sang more correct 
responses than incorrect, and more sharp responses than
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flat <x2=56.74, df=2, p<.05, N=139>. Data Indicated 
the same findings for responses to the child model sung 
by girls <x2=93.7, df=2, p<.05, N=143>.
When the total responses were compared by the 
grade of the subject, data demonstrated that 
first-grade subjects sang more incorrect responses than 
correct, and more flat responses than sharp (x2=49.61, 
df=2, p<.05, N=168>. For second- and third-grade 
subjects, there were more correct responses than 
incorrect and more flat responses than sharp (x2=89.66, 
df=2, p < .05, N=156, Grade 2; x2=64.61, df=2, p<.05, 
N=165, Grade 3>. Fourth-grade subjects sang more 
correct responses than incorrect, and equal numbers of 
flat and sharp responses <x2=51.19, df=2, p<.05, N=90>. 
Fifth- and sixth-grade subjects sang more correct 
responses than incorrect, and incorrect responses were 
more often flat than sharp <x2=66.46, df=2, p<.05,
N=90, Grade 5; x2=64.78, df=2, p<.05, N=177, Grade 6>.
When the responses of the subjects in each grade 
were compared by each model separately, data 
demonstrated that for the female and male models, 
first-grade subjects sang more incorrect responses than 
correct, with incorrect responses being more frequently 
flat than sharp <x2=21.03, df=2, p<.05, N=56, female
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model; x2=24.99, df=2, p<.05, N=56, male model).
However, for the child model, first-grade subjects sang 
more correct responses than incorrect, with incorrect 
responses being more frequently flat than sharp 
<x 2=19.86, df=2, p < .05, N=56).
Data for responses of second-grade subjects to the 
female model showed more correct responses than 
incorrect and more flat responses than sharp <x2=32.00, 
df=2, p < .05, N=52>. The same second-grade subjects 
sang more correct responses than flat responses to the 
male model, but sang no sharp responses <x2=30.15, 
df=2, p<.05, N=52>. For the child model, 
second-graders again sang more correct responses than 
incorrect, but incorrect responses to this model were 
more frequently sharp than flat <x2=37.42, df=2, p<.05, 
N=52>.
For third-grade subjects, there were more correct 
responses than incorrect, and more flat responses than 
sharp for the female and male models <x2=34.95, df=2, 
p< .05, N=55, female model; x2=27.96, df=2, p<.05, N=55, 
male model). For the child model, third-grade subjects 
sang more correct responses than incorrect with 
incorrect responses being more often sharp than flat 
(x 2=18.47, df=2, p < .05, N=55).
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Data demonstrated that for fourth-grade subjects, 
there were more correct responses than incorrect to the 
female model, and more sharp responses than flat for 
the same model <x2=25.4, df=2, p<.05, N=30>. The same 
findings were indicated for fourth-grade responses to 
the child model <x2=19.4, df=2, p<.05, N=30>. For the 
male model, there were again more correct responses 
than Incorrect, however, fourth-grade subjects who sang 
incorrectly sang more often flat than sharp for this 
model <x2=l1.4, df=2, p<.05, N=30>.
For the female and male models, fifth-grade 
subjects sang more correct than incorrect responses, 
and more flat than sharp responses (x2=43.4; df=2, 
p < .05, N=30, female model; x2=14.51, df=2, p<.05, N=30, 
male model). For the child model, the same fifth-grade 
subjects sang more correct responses than incorrect, 
but more sharp responses than flat <x2=18.2, df=2, 
p < .05, N=30).
Data indicated that for sixth-grade subjects, 
there were more correct responses than incorrect 
responses to the female model, and more flat responses 
than sharp <x2=32.16, df=2, p<.05, N=59>. For the male 
model, sixth-grade subjects sang more incorrect 
responses than correct responses, with incorrect
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responses being more frequently flat than sharp 
<*2=8.67, df=2, p<.05, N=59>. For the child model, 
sixth-grade subjects sang more correct responses than 
incorrect, and more sharp responses than flat 
<x 2=47.21, df=2, p<.05, N=59>.
Data were further analyzed to compare responses 
given by male and female subjects in each grade for 
each model separately. For the female model, 
first-grade boys sang more flat responses than correct 
responses and no sharp responses <x2=13.56, df=2, 
P<.05, N=27>. First-grade girls also sang more 
incorrect than correct responses and more flat than 
sharp responses for the same model <x2=8.75, df=2, 
P<.05, N=29>. Second-grade boys responded to the 
female model with more correct responses than 
incorrrect and more flat responses than sharp 
(x2=13.45, df=2, p < .05, N=26>. The same findings were 
indicated for responses of second-grade girls to the 
female model <x2=18.99, df=2, p<.05, N=26>. Data 
indicated that for third-grade subjects, both boys and 
girls sang more correct responses to the female model 
than incorrect and more flat responses than sharp 
(x2=l1,38, df=2, p<.05, N=26, boys; x2=24.88, df=2, 
p < .05, N=29, girls). For the female model,
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fourth-grade boys sang more correct responses than 
incorrect and more sharp responses than flat <x2=14.8, 
df=2, p < .05, N=15>. Fourth-grade girls also sang more 
correct than incorrect responses to the female model 
but the incorrect responses were divided equally 
between flat and sharp deviation <x2=10.8, df=2, p<.05, 
N=15>. For fifth-grade subjects, both boys and girls 
sang more correct responses than incorrect to the 
female model, while all incorrect responses by boys 
were flat and all incorrect responses by girls were 
sharp <x 2=17.71, df=2, p<.05, N=14, boys; x2=28.2, 
df=2, p < .05, N=16, girls). Data indicated that for 
sixth-grade subjects, both boys and giris sang more 
correct responses to the female model, and more flat 
responses than sharp (x2=14.0, df=2, p<.05, N=31, boys; 
x 2=18.5, df=2, p < .05, N=28, girls).
In response to the male model, first-grade boys 
sang more incorrect responses than correct and more 
flat responses than sharp <x2=14.88, til=2, p < .05,
N=27). First-grade girls, however, sang more correct 
responses than incorrect to the male model, with all 
incorrect responses being flat <x2=14.55, df=2, p<.05, 
N=29>. Both boys and girls in second grade sang more 
correct responses than incorrect, with all incorrect
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responses being flat for the male model (x2=13.92, 
df=2, p < .05, N=26, boys; x2=16.68, df=2, p<.05, N=26, 
girls). Third-grade boys sang equal numbers of flat 
and correct responses to the male model and no sharp 
responses <x2=12.99, df=2, p<.05, N=26). Third-grade 
girls sang more correct responses than incorrect for 
the same model, with incorrect responses being more 
frequently flat than sharp <x2=20.74, df=2, p<.05,
N=29>. For the responses to the male model given by 
fourth-, fifth-, and sixth-grade boys, there was not a 
significant difference between the numbers of observed 
correct and incorrect responses and the numbers of 
expected correct and incorrect responses respectively 
Cx 2=5.2, df=2, p > .05, N=15, Grade 4; x2=5.27, df=2, 
p>.05, N=14, Grade 5; x2=4.9, df=2, p>.05, N=31, Grade 
6). Fourth-grade girls sang more correct responses 
than incorrect to the male model, and more flat 
responses than sharp <x2=7.6, df=2, p<.05, N=15>. 
Fifth-grade girls also sang more correct responses than 
incorrect to the male model, with all incorrect 
responses being flat <x2=17.39, df=2, p<.05, N=16>.
Data indicated that for responses to the male model 
given by sixth-grade girls, there was not a significant 
difference between the number of observed correct and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
incorrect responses and the number of expected correct 
and incorrect responses <x2=5.43, df=2, p>.05, N-28).
In response to the child model, first-grade boys 
and girls both sang more correct responses than 
Incorrect with the incorrect responses sung by boys 
being more often flat than sharp and the incorrect 
responses sung by girls being more often sharp than 
flat <x 2=6.89, df=2, p<.05, N=27, boys; x2=16.61, df=2, 
pC.05, N=29, girls). For second-grade subjects, both 
boys and girls gave more correct than incorrect 
responses to the child model, with incorrect responses 
from boys being more often sharp, and Incorrect 
responses from girls being more often flat <x2=19.92, 
df=2, p<.05, N=26, boys; x2=16.61, df=2, p<.05, N=26, 
girls). Data indicated that for third-grade boys, 
there was not a significant difference between the 
numbers of observed correct and incorrect responses to 
the child model and the numbers of expected correct and 
incorrect responses <x2=5.15, df=2, p>.05, N=26>. 
Third-grade girls, however, sang more correct responses 
than sharp, and no flat responses for the child model 
(x2=15.79, df=2, p<,05, N=29). Data demonstrated that 
for fourth-grade subjects, both boys and girls 
responded to the child model with more correct than
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
incorrect responses, and more sharp than flat responses 
<x2=8>4f df=2, p < .05, N=15, boys; x2=11.2, df=2, p<.05, 
N=15, girls). For responses given by fifth-grade boys 
to the child model, there was not a significant 
difference in the numbers of actual observed correct 
and incorrect responses and the numbers of expected 
correct and incorrect responses (x2=3.57, df=2, p>.05, 
N=14). Fifth-grade girls, however, sang more correct 
responses to the child model than incorrect and more 
sharp responses than flat (x2=16.64, df=2, p,<.05,
N=16). Data demonstrated that both boys and girls in 
sixth grade sang more correct responses than incorrect 
to the child model, and more sharp responses than flat 
<x2=24.07, df=2, p>.05, N=31, boys; x2=23.23, df=2, 
p > .05, N=28, girls).
Data for sixth-grade subjects were analyzed to 
compare responses given by sixth-grade subjects 
currently enrolled in band and sixth-grade subjects 
currently enrolled in chorus (see Table 2). Data 
demonstrated that for sixth-grade subjects, a higher 
percentage of band students sang correct responses than 
choral students. Of the three models, there was the 
least amount of difference in correct responses between 
band and choral students to the female model.
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Table 2
ACTUAL OBSERVED FREQUENCIES AND PERCENTAGES OF CORRECT 
AND INCORRECT RESPONSES TO EACH MODEL BY CURRENT MUSIC 
CLASS ENROLLMENT FOR ALL SIXTH-GRADE SUBJECTS (N = 59)
BAND <N = 34) CHORAL (N = 25)
MODEL —  0 + 0 +
Frequencies
Fema1e 7 24 3 5 16 4
Male 13 19 2 12 6 7
Ch 11 d 2 22 10 1 22 2
Percentages
Female 20.6 70.6 8.8 20 64 16
Male 38.2 55.9 5.9 48 24 28
Ch i1d 5.9 64.7 29.4 4 88 8
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Band students sang a higher percentage of correct 
responses to the male model than did choral students, 
and choral students sang a higher percentage of correct 
responses to the child model than did band students.
Data did not indicate a relationship between the 
enrollment of the subject in band or chorus and the 
direction of deviation of the incorrect responses.
Total Incorrect responses from both band and choral 
students were more often flat than sharp. However, in 
response to the child model, incorrect responses were 
more often sharp than flat, with a higher percentage of 
band students singing sharp responses to this model 
than choral students.
Correct Responses 
The numbers of correct responses were counted and 
percentages were computed in order to make comparisons 
of the data by gender of subject, grade of subject, and 
vocal model (see Table 2). When compared by gender, 
data demonstrated that there was not a significant 
difference between the actual observed percentages of 
girls and boys who sang correct responses and the 
expected percentages of girls and boys who sang correct 
responses (x2=.61, df=l, p>.05, N=525>. The same 
findings were indicated by the data when comparisons
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were made by gender on the correct responses to each 
model separately <x2=.o8, df=l, p>.05, N=187, female 
model; x2=2.0f df=l, p>.05, N=149, male model; x2=.4, 
df=l, p > .05, N=189, child model).
Data indicated that for the total correct 
responses to all three models combined, fifth-grade 
subjects sang the highest percentage of correct 
responses, followed by fourth-, second-, third-, 
sixth-, and first-grade subjects. When the percentages 
of correct responses in each grade were compared for 
each model separately, data demonstrated that for the 
female model, first-grade subjects sang the lowest 
percentage of correct responses. There was an increase 
in the percentage of correct responses sung by 
second-grade subjects to the female model, but 
third-grade subjects sang an almost identical 
percentage of correct responses as second-grade 
subjects for this model. Again there was an increase 
In percentages of correct responses to the female model 
in grades four and five, respectively, with fifth-grade 
subjects singing the highest percentage of correct 
responses to the female model of the six grades tested. 
Sixth-grade subjects sang a lower percentage of correct
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
responses to the female model than subjects In all 
other grades except first grade.
For the male model, data indicated that 
first-grade subjects again sang the lowest percentage 
of correct responses, with subjects in grades two 
through five singing a higher percentage of correct 
responses than first-grade subjects. However, there 
was not an increase in percentages of correct responses 
to the male model in grades two through five, as was 
indicated in responses to the female model. For the 
male model, subjects in grades two through five sang 
almost identical percentages of correct responses, with 
second- and third-grade subjects singing slightly 
higher percentages of correct responses than fourth- 
and fifth-grade subjects. Again, sixth-grade subjects 
sang a lower percentage of correct responses to the 
male model than subjects in all other grades except 
first grade.
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PERCENTAGES OF CORRECT AND INCORRECT RESPONSES IN EACH 
GRADE TO EACH MODEL
GRADE 1 2 3 4 5 6
0 41.0 69.2 69.0 76.7 90.0 67.8
MODEL F — 53.6 23.1 25.5 10.0 6.7 20.3
+ 5.4 7.7 5.5 13.3 3.3 11.9
0 39.3 61.5 61 .8 60.0 60.0 42.4
MODEL M — 57.2 38.5 34.6 30.0 36.7 42.4
+ 3.5 0 3.6 10.0 3.3 15.2
0 60.7 73.1 56.4 70.0 70.0 74.6
MODEL C — 25.0 9.6 9.1 6.7 13.3 5.1
+ 14.3 17.3 34.5 23.3 16.7 20.3
0 correct Model F
-  flat Model M
+ sharp Model C
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For the child model, data indicated that 
third-grade subjects sang the lowest percentage of 
correct responses, and sixth-grade subjects sang the 
highest percentage of correct responses. Fourth- and 
fifth-grade subjects sang identical percentages of 
correct responses to the child model, with second-grade 
subjects singing a slightly higher percentage of 
correct responses to the child model than subjects in 
grades four and five. For the child model, first-grade 
subjects sang a higher percentage of correct responses 
than third-grade subjects only.
Incorrect Reponses 
The numbers of incorrect responses were counted 
and percentages were computed in order to make 
comparisons of the data by gender of subject, grade of 
subject, and vocal model (see Table 3). Data 
demonstrated that there were more flat responses to the 
male model than to the female and child models 
(x 2=46.57, df=2, p < .05, N=222>. There were more sharp 
responses to the child model than to the female or male 
model <x 2=33.52, df=2, p<.05, N=99>. When the 
percentages of incorrect responses given by boys and 
girls were compared, data indicated that there was not 
a significant difference between the actual observed
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percentages of incorrect responses by boys and girls, 
and the expected percentages of Incorrect responses by 
boys and girls for each of the three models <x2=.36, 
df=l p>.05, N=73, female model - flat responses; x2=.l, 
df=1, p > .05, N=22, female model - sharp responses; 
x 2=2.34, df=l, p>.05, N=116, male model - flat 
responses; x 2=.06, df=l, p>.05, N=17, male model - 
sharp responses; x2=2.8, df=l, p>.05, N=33, child model 
- flat responses; x2=.016, df=l, p>.05, N=60, child 
model - sharp responses).
When the percentages of incorrect responses in 
each grade were compared for each model separately, 
data demonstrated that for the female model,, 
first-grade subjects sang the highest percentage of 
flat responses, followed by third-, second-, sixth-, 
fourth-, and fifth-grade subjects, respectively. The 
highest percentage of sharp responses to the female 
model was sung by fourth-grade subjects, followed by 
sixth-, second-, third-, first-, and fifth-grade 
subjects, respectively.
For the male model, the highest percentage of flat 
responses was sung by first-grade subjects, followed by 
sixth-, second-, fifth-, third-, and fourth-grade 
subjects, respectively. There were no sharp responses
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to the male model sung by second-grade subjects, with 
first-, third-, and fifth-grade subjects singing the 
lowest percentages of sharp responses to the male 
model. There was a slight increase in percentages of 
sharp responses to the male model sung by fourth- and 
sixth-grade subjects, with sixth-grade subjects singing 
the highest percentage of sharp responses for this 
mode 1.
In response to the child model, first-grade 
subjects again sang the highest percentage of flat 
responses, followed by fifth-, second-, third-, and 
fourth-grade subjects, respectively, with sixth-grade 
subjects singing the lowest percentage of flat 
responses to this model. Third-grade subjects sang the 
highest percentage of sharp responses to the child 
model, followed by fourth-, sixth-, second-, fifth-, 
and first-grade subjects.
Summary
In summary, it was found that the three vocai 
models did have a significant effect on the accuracy of 
the response by each subject. There were more correct 
responses to the child model, followed by the female 
and male models, respectively. Incorrect responses to 
the female and male models were more often flat, and
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Incorrect responses to the child model were more often 
sharp. When comparisons were made by gender, It was 
found that for the male model boys who sang Incorrectly 
sang more often flat than sharp. Gender comparisons of 
results to the female and child models yielded the same 
results as those found for the total responses 
regardless of gender.
Comparisons made by grade level indicated that for 
all grades except grades one and six, more subjects 
sang correctly than Incorrectly for all three models. 
First-grade subjects sang more Incorrect than correct 
responses to the male and female models, and more 
correct than incorrect responses to the child model.
All Incorrect responses by first-grade subjects were 
more often flat than sharp. Sixth-grade subjects sang 
more correct than Incorrect responses to the female and 
child models, but the same subjects sang more incorrect 
than correct responses to the male model. Incorrect 
responses for these sixth-grade subjects were more 
often flat for the female and male models, and more 
often sharp for the child model. For second- and 
third-grade subjects, Incorrect responses were more 
often flat to the female and male models, and more 
often sharp to the child model. Incorrect responses by
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fourth-grade subjects were more often flat to the male 
model only, with incorrect responses to the female and 
child models being more often sharp. For fifth-grade 
subjects, incorrect responses were more often flat to 
the female and male models, with only the child model 
producing more sharp responses than flat.
It was found that for sixth-grade subjects, a 
higher percentage of band students sang correct 
responses than choral students. When compared by
model, results showed that a higher percentage of
students currently enrolled in band sang correctly with 
the male model than did students currently enrolled in 
chorus.
In comparing percentages of correct and Incorrect 
responses by grade, it was found that for the female 
model, there was an increase in percentages of correct 
responses from grades one to five, with a decrease in
the percentage of correct responses to this model in
grade six. For the male and child models, there was 
not a consistent increase or decrease in the 
percentages of correct responses among grade levels. 
The highest percentage of flat responses was sung by 
first-grade subjects, followed by second-, third-, and 
sixth-grade subjects, respectively. The lowest
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percentage of flat responses was sung by fourth- and 
fifth-grade subjects, respectively. The highest 
percentage of sharp responses was sung by sixth-grade 
subjects, followed by fourth-, third-, and second-grade 
subjects, respectively. First- and fifth-grade 
subjects sang the lowest percentages of sharp 
responses.
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CHAPTER V
DISCUSSION AND RECOMMENDATIONS 
Results from this study Indicated that adult 
female, adult male, and child vocal modeling did have 
an effect on the pitch-matching accuracy of subjects in 
grades one through six. There were more total correct 
responses to the child model, with the least number of 
correct responses elicited by the male model. Results 
also indicated that incorrect responses were more 
likely to be flat for the female and male models, and 
sharp for the child model. Boys in the study tended to 
sing flat more often with the male model than with the 
female or child model. It was also found that subjects 
in grades one and six sang the highest percentages of 
incorrect responses, with first-grade subjects singing 
the highest percentage of flat responses for all three 
models. For the female model only, there was an 
Increase in accuracy from grades one to five, with a 
decrease in accuracy in grade six. For the male and 
child models, there was not a consistent Increase or 
decrease in accuracy among the six grade levels.
59
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Slx'ch-grade students currently enrolled In band sang a 
higher percentage of correct responses than sixth-grade 
students currently enrolled In chorus. Results also 
indicated that band students sang more accurately with 
the male model than did choral students. In 
Interpreting the meaning of these results, one must 
consider several factors which Individually or 
collectively may affect a child's singing ability and 
may have influenced these results.
Vocal Model
Subjects In this study were most easily able to 
match the pitch presented by the child model. Although 
there is no existing research literature which supports 
this finding, the vast majority of textbook recordings 
and other children's recordings use the child voice as 
singing model. A possible explanation for this finding 
may be that a child can most easily match a pitch 
presented by a voice similar In timbre to his/her own 
voice. Conversely, a child may have difficulty, 
matching a pitch presented by a voice or Instrument 
with a timbre different from his/her own voice, even 
though the stimulus pitch Is presented in the octave 
and range of the child's voice. This theory Is 
supported by results of studies Involving the effects
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of timbre differences on pitch-matching accuracy 
(Clegg, 1966; Petzold, 1966 8. 1969; Roe, 1983). 
Contradictory results were found by Hermanson (1971) in 
which kindergarten and third-grade children were not 
able to sing simultaneously more accurately with a 
child's voice than with other timbres.
In the present study, the male model produced the 
largest number of incorrect responses. This would seem 
to suggest that the octave transfer necessitated by the 
octave-lower range of the adult male voice presents a 
problem to young children in accurately matching a 
pitch stimulus. This supports the research of Sims, 
Moore, and Kuhn, (1982.)* in which five- and slx-year- 
oid children were more easily able to match a pitch 
presented by a female voice rather than a male voice. 
Contrasting results were found in a study involving 
first-grade children in which the male vocal model did 
not present a pitch-matching problem for these subjects 
(Small 8. McCachern, 1983).
It has been suggested that pitch discrimination 
ability is a determining factor in children's ability 
to accurately match a pitch (Apfelstadt, 1983; Smith, 
1973; Zwissler, 1971;). In the present study, 22 
subjects correctly perceived and reproduced the octave
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transfer of the male model, even though the resulting 
pitches were below the normal, comfortable range of the 
child's singing voice. (See data marked by asterisk in 
Appendix B> This finding supports the idea that a 
child must perceive the highness or lowness of a pitch 
before reproducing it vocally. Of the 22 subjects who 
correctly transferred the octave, 12 were boys and 10 
were girls. The idea of the effect of 
pitch-dlscrlmlnation ability on pitch-matching accuracy 
is also supported in the present study by the fact that 
the highest number of flat responses was elicited by 
the male model.
Another Interesting finding is that of the number 
of subjects who correctly perceived the Interval of the 
minor third, but were unable to reproduce it vocally at 
the correct pitch. Of 321 Incorrect responses, 175 
were accurate reproductions of the interval, but at the 
Incorrect pitch level. A possible explanation may be 
that these subjects did not possess the vocal control 
necessary to reproduce the pitch, or that they heard 
only the interval and were not attentive to the correct 
pitch level of the model pitch stimulus.
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Deviation
It was found that the deviation of incorrect 
responses in the present study was more often flat for 
the female and male models, and sharp for the child 
model. This supports findings of a similar study in 
which five- and six-year old subjects sang a higher 
percentage of flat responses than sharp to both female 
and male models (Sims, Moore, 8. Kuhn, 1982). This may 
be due in part to timbre differences in the model 
voices, or to pitch-discrimination factors. Madsen, 
Edmonson, and Madsen <1969), found that when younger 
subjects perceived pitch incorrectly, the incorrect 
perception of deviation was most often sharp. This 
presents an interesting relationship, in that a larger 
number of subjects in the present study who sang 
Incorrectly sang flat, rather than sharp. Madsen, 
Wolfe, and Madsen <1969) found that vocal performances 
of descending scales were not significantly more 
accurate than vocal performances of ascending scales. 
Results of an earlier study indicated contradictory 
findings with regard to ascending and descending scale 
performances <Madsen, 1966). Subjects in this earlier 
study performed significantly better on descending, 
rather than ascending scales.
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In the present study, the only significant effect 
for deviation and gender was found in responses by boys 
to the male model. Boys sang consistently flat with 
the male model, suggesting a pitch-matching problem 
unique for boys with this model. There was not a 
noticeable difference between flat and sharp responses 
by girls to the male model. This indicates that there 
may be a sociological issue involved in young boys' 
matching of pitches presented by a man's voice. Young 
boys may feel that because they are boys they should 
identify with and "sound like" a man, thus producing a 
proclivity toward flatness when matching a man's voice.
Age of Subjects 
Results indicated that of six grade levels 
involved in the study, the highest percentages of 
Incorrect responses were sung by subjects in grades one 
and six. The fact that first-grade subjects 
demonstrated the most difficulty in matching pitch for 
all three models supports the theory that 
pitch-matching ability is a function of maturation 
(Drexler, 1938; Petzold, 1966; Smith, 1963; Updgraff, 
Heillger, & Learned, 1938; Williams, Sievers, 8. 
Hattwick, 1932). The decrease in accuracy among 
sixth-grade subjects presents intriguing questions as
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to possible causes. Smith's study <1973) Involving 
sixth-grade students found that in-tune singing ability 
was significantly related to pitch discrimination 
ability and tonal memory. Perhaps further 
investigation into these two related areas with 
sixth-grade subjects is needed to determine the effect 
of maturation as well as pitch-dlscrimination ability 
and tonal memory on vocal pitch acuity. Other than 
these two factors, another possible explanation for the 
decrease in accuracy among sixth-grade subjects may be 
the attitude of these subjects toward their 
participation in the study. It is the opinion of the 
researcher that the sixth-grade subjects did not 
participate in the study with the same seriousness as 
the subjects in the other grades, and were not as eager 
to perform well as the other subjects.
For subjects in grades two through five, responses 
to all three models were more often correct than 
incorrect. The absence of a consistent increase or 
decrease among grade levels in the deviation of the 
incorrect responses to all three models indicates that 
in this study, maturation did not affect the deviation 
of the subject's incorrect response.
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Results Indicated that only In the case of the 
female model did accuracy gradually increase with grade 
level, suggesting maturation as a factor affecting 
pitch-matching accuracy with this model. For the male 
and child models, the absence of a consistent increase 
or decrease in percentages of accurate responses among 
the grade levels suggests that for these two models, 
maturation may not be a significant factor in 
pitch-matching accuracy.
Current Music Class Enrollment 
All sixth-grade subjects were at the time of the 
study, enrolled in either band or chorus. Results 
Indicated that a higher percentage of band students 
sang correct responses than did choral students. It 
was also found that for the male model, students 
enrolled in band sang more correct responses than 
students enrolled in chorus. Although there is no 
existing literature to support or dispute these 
findings, possible explanations can be made. Because 
band students play instruments of all ranges, these 
students may be more accustomed to hearing pitches 
played in a lower register. Therefore, they may be 
more able to reproduce these pitches vocally, even with 
an octave transfer Involved. It may also be that band
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students are more aware of the concept of pitch and 
Intonation, again producing a more accurate vocal 
pitch-matching response. A final explanation may be 
that because the band students are taugh.t by a male 
teacher, they are more likely to identify with and 
reproduce vocally a pitch presented by a male voice.
Conclusions
In discussing the implications of this study on 
the teaching of singing to young children, certain 
limitations should be considered. Because the subjects 
in this study were enrolled in a laboratory school 
situation, it may be in error to assume a 
normally-distributed sample. Certain conditions such 
as tuition payments and academic standards required of 
subjects in this study may have affected its results 
and may not necessarily apply to the general population 
of students in grades one through six. In addition, 
the cultural background of the subjects in the present 
study and the musical training received outside the 
school environment may not be exemplary of the general 
population from which this sample was drawn.
Within these limitations, certain conclusions can 
be drawn from the results of the present study. It can 
be concluded that male vocal modeling does present a
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pitch-matching problem for students In grades one 
through six. Therefore, male teachers responsible for 
the teaching of singing to young children should be 
aware of this problem and sensitive to the student's 
response to the male voice as model. Alternative model 
voices should be considered as a possible solution to 
this problem. Male teachers should also be aware that 
young boys apparently have more difficulty matching an 
adult male voice than do young girls.
Based on the results of this study, It can also be 
concluded that when young children sing incorrectly in 
response to adult female and male voices, they are more 
likely to sing flat than sharp. With this knowledge, 
teachers can provide Instruction in auditory perception 
and intonation skills in relation to vocal training, in 
an effort to correct the problem of incorrect 
intonation in vocal skills of young children.
In considering the singing skills of students 
studying band and students studying vocal music, it can 
be concluded that band students are able to reproduce a 
pitch vocally more accurately than are vocal music 
students. Furthermore, band students sing more 
accurately in response to a male vocal model than do 
vocal music students. Based on this implication,
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teachers of sixth-grade students should be aware of the 
interrelationship of the vocal and Instrumental 
performance areas and the effect of each of these on 
the total music education of the child.
Implications for Future Research 
Further research is needed to investigate the 
variables which affect pitch-matching ability in 
children. Pitch-discriminatlon ability and maturation 
as variables affecting pitch acuity need further study. 
Studies involving the comfortable singing range and 
tessitura of a child's voice are needed to investigate 
the effect of range on a child's ability to match a 
pitch stimulus.
In the area of vocal modeling, studies need to be 
conducted with larger numbers of subjects before the 
practice of vocal modeling or its attendant 
pitch-matching problems can be substantiated 
scientifically. Specific research into the area of 
male vocal modeling is needed in order to establish 
guidelines for male teachers in the elementary music 
classroom. Studies involving male normal range, male 
falsetto, and other timbres of male voices are 
implicated.
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The results of this study Imply that research is 
needed with middle-school aged children in the area of 
vocal modeling. Based on the results of this study, it 
may be that at this particular stage of development, 
children experience unique pitch-matching problems in 
relation to vocal modeling.
There is also the need for investigation into the 
effects of instruction and training on the variables 
affecting pitch-matching accuracy in children. With 
regard to vocal modeling, study of the effects of 
training with a particular model voice are needed to 
investigate the effectiveness of certain types of model 
voices in the elementary music classroom.
In designing similar studies, attention needs to 
be given to the method of measuring pitch accuracy in 
subject's responses. Because of the lack of vocal 
control in voices of young children, it is often 
difficult to measure accurately a pitch which is 
constantly fluctuating. It is also important for 
similar studies to include vocal responses involving 
words, which are more realistic for the elementary 
music classroom.
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SUMMARY
The purpose of this experiment was to investigate 
the effect of adult female, adult male, and child vocal 
modeling on the pitch-matching accuracy of children in 
grades one through six. Two-hundred eighty-two 
subjects were tested individually on three separate 
occasions, each time with a different vocal model.
Model pitch stimulus and testing conditions were 
exactly the same on each testing occasion, the only 
difference being the model voice.
Accuracy of the responses was measured and 
evaluated and each subject was given a deviation score 
for his/her response to each model. Scores for all 
subjects were then subjected to comparisons involving 
all variable factors.
Results indicated that vocal modeling did have an 
effect on pitch-matching accuracy of the subjects.
There were more correct responses to the child model, 
followed by the female and male model, respectively. 
Incorrect responses were more often flat for the female 
and male models, and more often sharp for the child
71
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model . First-grade subjects and sixth-grade subjects 
sang the highest percentages of Incorrect responses for 
all three models. The highest percentage of flat 
responses was sung by first-grade subjects.
Sixth-grade subjects enrolled in band sang more 
correct responses than sixth-grade subjects enrolled In 
chorus. For the male model, band students sang more 
correct responses than chorus students.
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APPENDIX A 
EQUIPMENT LIST
1 Sony stereo cassette-corder, Model No. TC-D5 
(recording)
1 Marantz Pro Stereo Cassette Recorder, Model No. 
PMD 360 (playback)
1 Sony Microphone, Model No. ECM 939 LT
1 Korg Auto Chromatic Tuner, Model No. AT-12
Maxell XLII-S audio tape
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX B
MEAN PITCH-MATCHING ACCURACY SCORES 
(deviation measured in cents)
Ss## Gender of S Model F Model M Model C
1 M 0 -550 0
2 F 0 0 0
3 F -250 -500 0
4 M 0 -300 -450
5 M -500 -500 -300
6 F -250 -250 0
7 M -100 -50 -50
8 M -650 -650 -50
9 F 0 0 Q
10 M -550 -600 -450
11 M -300 -450 -450
12 M -600 -100 + 100
13 M 0 0 0
14 F 0 0 0
15 F -250 -150 0
16 M 0 -400 -200
17 M -50 +50 +200
18 F + 100 -450 0
19 M -200 -750 -100
20 F -600 -550 -50
21 F 0 +50 +50
22 F -450 -50 -200
23 F -150 -500 -300
Ss # 1- 56: Grade one
Ss # 57-108: Grade two
Ss # 109-164: Grade three
Ss # 165-194: Grade four
Ss # 195-224: Grade five
Ss # 225-284: Grade six
81
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
Ss Gender of S Model F Model M Mode 1 C
------ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
24 F 0 -800 +50
25 F +300 -200 + 100
26 M “ 150 -100 0
27 F +50 +50 -50
28 F -200 -600 0
29 F -50 -50 0
30 M -200 -200 0
31 M 0 -150 +50
32 M -400 * +300 -400
33 F 0 -200 0
34 M 0 -250 +50
35 M +50 0 +50
36 M 0 0 0
37 F 0 0 0
38 F + 100 -50 + 100
39 F -200 -150 +50
40 F -200 -50 + 100
41 M 0 + 100 + 100
42 M -200 0 -100
43 F -400 -700 -500
44 F -100 +50 0
45 F -100 -50 -50
46 F -250 -200 0
47 M 0 -50 0
48 F -100 -50 -50
49 F -150 -50 +800
50 M -50 -500 -200
51 M -150 -250 0
52 F 0 -50 + 100
53 F -800 -350 -100
54 M -550 -550 -550
55 M 0 -500 0
56 M -250 -150 +50
57 F 0 0 + 100
58 M +50 -200 0
59 F 0 0 0
60 F 0 0 + 100
* —  Denotes attempted octave transfer of male model
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Ss Gender of S Model F Mode] M Model C
61 M -300 -50 0
62 F 0 0 +50
63 F 0 -150 0
64 M 0 0 + 100
65 M +50 0 0
66 M +50 0 0
67 M -300 -50 0
68 F 0 -50 0
69 M -450 -100 +200
70 M 0 -50 0
71 F -150 0 +50
72 F -50 -50 0
73 M -50 0 0
74 F -150 -400 -150
75 F 0 0 0
76 F -50 0 0
77 M -100 -100 + 100
78 F -50 -200 -400
79 M 0 -50 + 150
80 F +250 -250 0
81 M -350 -650 + 100
82 M +50 -50 +50
83 F -100 -100 +50
84 M -300 -350 -200
85 M 0 0 0
86 M +50 -600 +50
87 F +450 -250 -150
88 F 0 0 -650
89 F 0 -350 + 100
90 M + 100 -200 -100
91 M 0 0 0
92 F 0 0 0
93 M -50 -200 -50
94 M -50 -150 +50
95 F -50 -50 +50
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Ss Gender of S Model F Model M Model C
96 F -650 # +50 0
97 M 0 -50 +50
98 F 0 0 0
99 M +50 0 +50
100 M 0 -200 -50
101 F -100 -300 0
102 M -100 0 0
103 F 0 -50 0
104 M +200 0 +50
105 F -50 -100 +50
106 M +50 -100 + 100
107 F 0 -50 0
108 F 0 0 +50
109 F -50 0 + 100
110 F -550 -150 + 100
111 F 0 0 0
112 F -50 0 0
113 F 0 -50 0
114 F 0 0 0
115 F 0 -50 0
116 M -500 -550 -350
117 M 0 # +50 0
118 F +50 0 + 100
119 M -100 0 +50
120 F -200 -600 -50
121 M +50 -800 -50
122 M 0 -750 + 100
123 M +300 -100 +450
124 M -50 -350 0
125 M -250 -350 -300
127 M 0 # +50 0
128 M 0 0 0
129 M -500 -400 -150
130 F 0 + 100 + 100
131 F +200 -300 + 450
* — Denotes attempted octave transfer of male model
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Ss Gender of S Model F Model M Model C
132 F 0 0 + 100
133 F -100 -50 + 100
134 F 0 0 + 100
135 F 0 0 0
136 M -100 -100 0
137 M -50 0 + 100
138 M +50 -50 +50
139 M -50 -100 + 100
140 F 0 -100 0
141 M -50 0 0
142 M 0 0 0
143 M 0 -700 +50
144 F 0 0 + 100
145 F 0 0 +50
146 F 0 + 100 + 100
147 F 0 0 0
148 F 0 0 +50
149 M 0 0 + 100
150 M -100 0 + 100
151 F -50 0 +50
152 F -50 0 + 100
153 M +50 -50 +50
154 M 0 -100 0
155 F 0 -500 0
156 M 0 0 + 100
157 F -100 +50 0
158 F -100 -150 0
159 F 0 0 0
160 M -150 -550 -450
161 M -200 -150 -200
162 M + 100 0 0
163 F -50 0 +b0
164 F -400 0 + 100
165 F +50 -100 + 100
166 F 0 # +300 0
167 M 0 0 0
# —  Denotes attempted octave transfer of male model
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Ss Gender of S Model F Model M Model C
168 F + 100 -50 +200
169 M 0 0 0
170 F +50 -300 -300
171 M 0 -50 0
172 F -100 0 0
173 M 0 -100 0
174 M 0 0 + 100
175 F 0 0 +50
176 M 0 0 0
177 M 0 -100 0
178 F 0 0 0
179 F 0 + 100 -50
180 F -100 +50 0
181 F 0 0 +50
182 F -50 0 0
183 M + 100 -700 + 100
184 F -50 0 0
185 F -50 0 0
186 M -750 -900 -900
187 F 0 0 0
188 M 0 -100 + 100
189 M 0 0 0
190 F +250 -200 +600
191 M +200 +200 + 150
192 M +50 -350 -50
193 M 0 * 0 0
194 M +50 -50 +50
195 F 0 -50 0
196 M -200 -450 -300
197 F 0 0 0
198 F 0 -800 +50
199 M +50 0 +50
200 M +50 -100 + 150
201 F +50 0 +50
202 M 0 -500 -700
# —  Denotes attempted octave transfer of male model
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Ss Gender of S Model F Model M Model C
203 M 0 0 0
204 F -50 0 0
205 M +50 -250 +50
206 F 0 -50 0
207 F -50 -50 + 100
208 M +50 0 0
209 M -50 -100 0
210 M 0 -600 0
211 M 0 0 + 100
212 F 0 0 + 100
213 M +50 + 100 +50
214 F +500 -350 -100
215 F 0 0 0
216 F -50 0 0
217 F -50 0 0
218 M -350 -450 -450
219 F 0 -400 0
220 F +50 0 0
221 M +50 -50 + 100
222 M -50 -300 0
223 F 0 # 0 0
224 F 0 * 0 0
Sixth -grade band students
--------- --------------- ------------
- - - ------ ----------- -------- - “ " “ _ _ _ _ _ _ ~ _ _ _ _
226 M +200 -250 + 100
229 M 0 0 0
230 M 0 # 0 0
232 F 0 -650 + 100
233 F 0 -100 0
234 M -100 -200 + 100
236 M 0 # 0 0
237 M -50 0 0
* —  Denotes attempted octave transfer of male model
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Ss Gender of S Model F Model M Model C
238 F 0 0 0
240 M -100 -150 + 150
241 F 0 0 + 100
243 M 0 0 + 100
244 M 0 # 0 0
246 M -50 -400 0
249 M -100 * 0 0
250 F 0 0 0
2t>3 M -500 * +150 +50
254 M 0 -100 0
256 M +50 -350 -100
259 M -200 -300 + 150
265 F + 100 -650 + 100
266 M 0 0 -50
269 F 0 -100 0
270 M -100 -50 0
271 F 0 0 + 100
272 M 0 0 -450
275 M 0 0 0
276 M 0 0 0
277 M +50 # +100 0
279 M -150 -300 + 100
280 M -50 -50 0
281 F 0 +50 -50
282 M + 100 -100 +50
283 M 0 0 +50
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ----- -----
Sixth -grade vocal music students ------ -----
225 F -300 -600 0
227 M -50 -200 0
228 F -100 -600 0
231 F -100 -450 0
# —  Denotes attempted octave transfer of maie model
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Ss Gender of S Model F Model M Model C
235 F 0 # +600 0
239 F -50 -100 0
242 F 0 0 +50
245 F -800 -900 -350
247 F + 100 * +100 0
248 F +50 -100 + 100
252 F -50 -350 +50
255 M 0 * +500 -50
257 F 0 0 0
258 M +300 +200 0
260 F -150 -200 -50
261 F -50 # +100 0
262 M +200 -100 +50
263 F +50 -500 +50
264 F 0 0 0
267 F 0 0 +50
268 M 0 # 0 0
273 M 0 # +150 0
274 F 0 * 0 0
278 F 0 * +250 0
284 F +300 -450 +250
* —  Denotes attempted octave transfer of male model
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